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Abstract 
A thermal analysis of ventilated office building was performed by the use of a dynamic simulation software. This work focuses 
on the analysis of a ventilation strategy, contribution to the thermal performance of a 2000 m2 building. The studied building is 
located in a region within the BS1kw climate according to the Köppen climate classification. In this climate, commonly referred 
as steppe, both air cooling and heating is needed in order to provide a satisfactory thermal comfort condition throughout the year. 
Within this weather it is possible to incorporate several energy saving strategies so the heat gains and losses can be calculated. 
The analysis starts with the incorporation of basic bioclimatic notions and the selection of commonly used construction and 
glazing materials. Several energy saving strategies were established; this strategies, such as the study of different materials and 
natural ventilation during the warm season. The results show hourly mean temperatures and energetic demands due air 
conditioning during the course of a year.  
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1. Introduction 
Over the past decades, the design of buildings have been occurring with little to none appreciation of the use of 
natural resources. The Intergovernmental Panel on climate Change (IPCC) issued an article that addressed the role of 
individuals in climate change, stating that the global greenhouse gas emissions increased around 70% between 1970 
and 2004. Buildings demand of energy grows rapidly, between 1990 and 2005 the energy consumption in OECD 
countries increased by 23 % and electricity use by 54% >1@. Consequently the design of sustainable buildings and the 
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application of bioclimatic concepts and energy saving measures need to be implemented. As a definition, bioclimatic 
architecture comprises architectural design and smart selection of construction materials aiming to achieve thermal 
comfort while the energy demand used to cool and heat the building is minimized >2@. In architecture, a bioclimatic 
strategy is a set of actions that are intended to ensure thermal comfort of the inhabitants. The strategies have to 
guarantee certain minimum conditions >3@. To accomplish the objectives, the following issues need to be taken into 
consideration: solar radiation, orientation, wind, precipitation, natural light, topography, flora, geographic location, 
etc. Moreover, the objectives of bioclimatic design need to be focused to achieve these goals: create a habitable, 
healthy and comfortable environment, efficient use of energy and resources and preservation of the environment. In 
this work once the bioclimatic and sustainable basics have been considered, a thermal analysis of the building design 
was set as the next target to accomplish. In Table 1 several basic strategies for each heat transfer mechanism are 
described. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Heat transfer control strategies. Watson, Donald & Labs, Kenneth >4@. 
 
The thermal modelling of buildings allow the analysis of dynamic behavior of the preliminary architectonic 
design using mathematical models and the implementation of simulation techniques. Nowadays there are powerful 
simulation tools specifically intended to improve the performance of the building energy consumption and the 
thermal comfort of the occupants, involving calculation of thermal loads due to the building’s envelope and air 
conditioning systems. 
 
In Mexico, bioclimatic design is often underestimated as a valid approach within the practice of architectural 
firms. Where such studies are offered only as application of concepts, design and passive elements, not taking into 
consideration that calculations are essential to understand the building’s performance. In this study a 
multidisciplinary approach is executed where different disciplines integrate their knowledge in the design and 
calculation phase. Also it is known that thermal and optical properties of used materials, space distribution, location 
and orientation of the building are important characteristics that will add up to the total energy demand of the 
building >5@. In order to estimate the thermal performance of a construction, weather conditions need to be 
considered, in addition, construction and glazing materials thermal and optical properties need to be known, only 
then the heat flux through the building can be predicted. 
2. System conditions and methodology 
This work focus the analysis of the materials contribution to the thermal performance of a 2000 m2 building 
through the dynamic simulation software TRNSYS 17.02.0004. The building has 2.70 m high storeys and a plenum 
or ventilated chamber of 0.90 m high. The climatic parameters, such as hourly mean temperatures, humidity, solar 
radiation and wind speed were provided by the weather data software Meteonorm. The building was divided into 
thermal zones, which are described in Fig. 2. In this figure, the transversal cut and floor plan of the building are 
shown. The six thermal zones were defined as follows: at the first floor (i): offices and at the second floor (ii): a 
reception hall, three research laboratories, and a machinery room. An operation program was set on the use of 
heating and cooling systems, the schedule was from Monday to Friday from 7 to 19 hours. The schedule regulates 
the amount of time when the air conditioning systems are truly used.  
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Fig. 2. Transversal cut (a) and floor plan with the defined thermal areas (b) of the research facility 
An initial study case was established, the preliminary building is built with regional construction materials >6@, 
such as concrete block walls, single glazing windows with aluminium frame, single glazing skylights, terracotta 
waterproofing at the roof and the internal partitions made of sheetrock. The initial case, named “base building” was 
simulated without an air conditioning system; therefore the obtained results were mean temperatures obtained in 
order to evaluate the thermal behavior of the building’s thermal envelope. Results represent the effect of the building 
design, such as, materials selection, location and orientation.  
 
With the aim of proving that energy consumption can be reduced by making smart decisions through a careful 
examination of the building, the required cooling and heating loads for a selection of glazing materials is presented. 
 
TRNSYS allows the dynamic simulation of complex thermal systems in transient regime through a modular 
structure. Each module also called Type is represented by a subroutine describing its performance, where each 
module is a mathematical model based in heat and mass transfer equations. Through the weather generator module 
(Type 15), the climatic analysis for the region was performed, where hourly mean ambient temperatures, humidity, 
wind speed and solar radiation were supplied by the weather data software Meteonorm. The weather conditions were 
supplied in the format of TMY (Typical Meteorological Year Format). The Type 56 Multi-zone Building model 
provides an efficient way to calculate the interaction between 2 or more zones by solving the coupled differential 
equations utilizing matrix inversion techniques. The effects of both short-wave and long-wave radiation exchange 
are accounted for with an area ratios method. The walls, ceilings, and floors are modeled according to the ASHRAE 
transfer function approach. Providing the complex description of a multi-zone building is simplified with the use of 
the Visual interface TRNBuild (supplied with the TRNSYS program).  
 
The building geometry was drawn using Google SketchUp 8 through the TRNSYS plugin, and imported into the 
TRNBuild platform in which materials were defined. At Table 1, the thermal and optical properties of materials are 
presented. An occupation schedule for the use of air conditioning systems was stablished as follows: the climate 
control was set to work only during the building occupation periods from Monday to Friday, from 7 to 19 hours. The 
HVAC was modeled using the Type 56 which includes a model where energy loads are calculated based only upon 
the net gains or losses from the thermal zone. The loads are considered to be independent of the heating or cooling 
equipment operation. The set temperature was defined for heating and/or cooling in a range between 20 and 28°C 
and the program determines the energy necessary to keep the room at these set points. 
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Table 1. Thermal and optical properties of materials. 
Thickness Thermal conductivity SHGC U-Value Surface optical properties 
Material (m) k(W/m K)  W/m2K H D U 
Walls 
Concrete block 0.2000 1.63 
- 0.785 
0.88 0.60 0.40 
Plaster 0.0130 0.16 0.90 0.50 0.50 
Windows Single glazing 0.0030 1.200 0.858 6.257 0.84 0.04 0.16 
Roof 
Metal deck 0.0100 45.28 
- 2.330 
0.90 0.70 0.70 
Concrete 0.1000 1.400 - - - 
Terracotta waterproofing 0.0254 0.100 0.35 0.60 0.40 
 
A ventilation strategy was implemented in the building to operate during the warm months, which for this region 
are from May through the end of August. The ventilation strategy is represented in Fig. 3. It consists on the 
incorporation of ventilating grids, which will allow that exterior air circulates through the second storey ceiling. The 
incoming air will enter through four ventilation grids of a total of 2.0 m2 area; the ventilation inlet will be situated at 
the south side of the façade and an equal area of outlet grids at the northern side of the building. The velocity of the 
inlet air is equal to the mean wind speed provided by the local climatic conditions, which is around 5.0 m/s (18 
km/h). This will allow an approximated of 20 air changes per hour (1265 m3/h of air) across the ceiling through the 
2.0 m2 area of ventilation grids. The ventilation strategy will intend to reduce the heat gains of the building by 
removing the warm air confined at the second floor plenum through the circulation of outdoor fresh air.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Ventilation strategy applied to the building. 
 
The results include the analysis of the mean hourly temperatures and the thermal loads due to the building 
conditioning when the temperature criteria is not met. The temperature conditions were set to a thermal comfort 
range of 20-28°C. The results include the analysis of the mean hourly temperatures of the zones and this are divided 
into the following sections: 2.1 Base building without conditioning, 2.2 Base building with conditioning and 2.3 
Base building with conditioning and ventilation. 
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2.1. Base building without conditioning 
The obtained results of the base building without conditioning are intended to evaluate the building’s envelope 
thermal behavior prior the conditioning. The hourly mean temperatures of the thermal zones are shown in Fig. 4. 
From this graph it can be observed that the minimum and maximum temperatures were 3.9 and 38.8 °C, meanwhile 
the outside temperature was -3.8 and 35.3 °C respectively. It is important to remark that these temperatures were 
obtained when the building is not being heated nor cooled. It is also possible to locate the coldest day in January and 
the hottest day during the month of May. The thermal shelter provided by the building’s envelope (mainly due 
materials and shape) is up to 7.6 °C warmer through a cold day nevertheless, during the hottest day the interior 
reaches 3.5 °C more than the outsides temperature. From this first set of results we proceed to set the heating and 
cooling models in the Type 56 module, using the previously mentioned schedules and temperature ranges.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Time (months) 
Fig. 4. Base building, annual indoor and outdoor temperatures.  
2.2. Base building with conditioning 
The base building was simulated with the incorporation of a fan and coil air conditioning system, through an 
ON/OFF control, which will be turned on when the mean temperatures are out of comfort range (20-28 °C). The air 
conditioning system, both for heating and cooling was turned on only for the occupied periods (Monday to Friday 
from 7 to 19 hours) therefore a better approach of the energy demand was obtained.  
2.3. Base building with conditioning and ventilation 
In this case, the ventilated ceiling was incorporated to the base building design. According to the results obtained 
from the comparison of the thermal behavior between the conditioned base building and the conditioned base 
building with ventilation (Fig. 5), the ventilation strategy was applied as follows: the second storey ceiling was 
ventilated during the warm months (May, June, July and August) so the refrigeration load could be reduced. This 
ventilation aims to reduce the heat transfer from the outside across the roof through with the removal of the heat by 
means of the incoming fresh air, which has a lower temperature than the second storey. The ventilation of the ceiling 
can be incorporated adding a ventilation chamber on the existing ceiling (0.90 m) allowing an air entrance from the 
exterior. The incoming airflow temperature is at the same temperature and wind speed as the climatic conditions in 
the moment, and at this stage is not meant to be controlled by any temperature sensor. 
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Fig. 5. Indoor mean temperatures during warm months. 
 
Figure 6 shows the hourly mean temperatures inside of the building with and without the ventilation strategy 
during the hottest week of May. The black and red thick lines represent the mean temperatures on the second floor; 
additionally, it can be observed where the periods of air conditioning usage are. These periods are longer when the 
second floor ceiling is not ventilated and shorter when it is ventilated, which directly affects the energy consumption 
periods. Once the ceiling is ventilated, the outdoor ambient temperature influences the behavior of the mean 
temperature at the second floor; this lowers the indoor mean temperatures and thus reducing the energy consumption 
due to air conditioning during the warm months.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Comparison of hourly mean temperatures during the hottest week of May 
 
In addition, in Fig.7 the graphs represent the sum of the heating and cooling loads corresponding to the 
unventilated and ventilated building. From the dynamic simulation it was obtained that the required cooling load 
was 2845 kWh and the required heating load is about 16330 kWh. Meanwhile when the ventilation strategy was 
applied, the cooling and heating loads were now of about 1790 and 16445 kWh, respectively. 
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3. Conclusions 
A thermal analysis of a building for the Centro de Investigación en Materiales Avanzados (CIMAV) at the state 
of Durango, México by means of dynamic simulations was carried on. Several energy saving strategies were 
studied; as a result, it was found that a ventilation arrangement on the second’s floor ceiling during the warm season 
was an effective approach to reduce the energy consumption due to air conditioning during the warm months. A 
37% energy expenditure is avoided due to the ventilation strategy; however, the heating energy consumption raised 
approximately 1% because of the implementation of this strategy. This setback can be avoided if a temperature 
control regulates the incoming air’s temperature at the entry grids.  
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